uct of the plume flow behind the exhaust nozzle.Flow turbulencehas been believedto be a sourceof the sound.
Lighthill I showed that the flow turbulence,which isreferredto as the fluctuating Reynolds stressor Lighthill's tensor,isthe sound source. Since then, turbulent flow, which had been generallyaccepted as a totallychaotic entity, has been a centraltheme in the aeroacousticresearch. For an estimation of the sound pressure using the acousticanalogy approach, the two-pointfourth order correlation of the fluctuatingReynolds stressmust be computed. To make thistractable,Proudman 2 pursued a noise generation theory that assumes the isentropicturbulence.A varietyof manipulation and modelling of the flow turbulence has been made based on a fully turbulent assumption since then.
Freymuth 3 observed organized large eddy structures in a separated flow of a jet. Brown and Roshko 4 also found large vortical structures in a free shear layer. 
)
where 3' is the ratio of specific heats, Mr = u;/_--_,
here R is the gas constant. The Navier-Stokes equations for axisymmetric flow in the cylindrical coordinates (x, r) are written as :
To obtain a first derivative of f(x), a Pade compact differencing 7's'9 is formulated as :
where h is the mesh size. and its inverse are defined as :
Fourier transforming equation (3) by the above definition gives :
This expression indicates that the wave number is deformed by our discretization process into a different wave number as :
where i¢ is the input wave number defined to be wh and the deformed response wave number. In reference [10] the optimum a is chosen so that the following function
The optimum value of a is computed to be 0.35619. Figure 1 shows the wave relation.
The straight line is for the exact derivative. It is also found that the fourth order approximation with the optimum value of a has better wave performance than the sixth order approximation in the most compact form.
The four-stage Runge-Kutta technique 11 is adopted for an explicit time advancement formulation. To obtain new flow variables at t = (n + 1)At from known data at t = nAt, equation (2) where we is a constant and 06q/0( 6 is given by : 
If we construct the matrix R_ such that the eigenvectors of the matrix A constitute its columns then the matrix by a similarity transform becomes a diagonal matrix, whose entries are the eigenvalues of A such that
where a¢ = c_/_2+(_. Here, c is the speed of sound defined to be v_/Mr, and U = _u + (vv. In the same way, for the 7/direction the diagonal matrix becomes "
where a, = c x/rl_ + rlg, and V = rl_u+rluv. 
and there is one characteristic equation for the outgoing wave. The shear ratio As is defined to be Au*/u_, where Au* is the velocity difference in the two streams. The characteristic boundary conditions at the exit and side boundary planes are given as described in equations (5) and (6) . As to initial condition, u has the above tanh profile, v = 0, T = 1, p = 1, p = (7M_). --1. The Reynolds and Prandtl numbers are 174000 and 0.707, respectively. The nozzle radius R, which is the reference length l_, is taken to be 1.95 cm.
A 600 x 160 stretched grid, which extends up to about 59.3 and 9.2 radii in the respective axial and radial directions, is used. Themean axialvelocityprofiles aregivenin Figure  6 . Thepotential corein the middleerodes asflowproceeds downstream andvanishes asshown atz=8D. Furtherdownstream themean velocity profilemaintains the same profileasat x=8D rather than undergoing rapid decay. This is a huge departure from the experimental observation. Figure 7 also shows the profiles of Urms.
The growth of Urms at the nozzle height (i.e. r=l) is shown in Figure  8 . This surface away from a flow regime is illustrated in Figure 9 -(b). If all the necessary pressure information is provided on the surface, the pressure at x can be given by the Kirchhoff surface integral form as :
where []* has the same definition as before and n the unit normal to the surface. Equation (11) is the solution of the wave equation for the acoustic medium at rest.
The necessary information includes the pressure and its normal and time derivatives on the surface.
Wave Solution Ezample
A pressure wave, which is generated by a simple monopole source and radiated spherically, has been chosen as an example problem to demonstrate the surface integral method given by equation (11). The pressure satisfying a homogeneous form of the wave equation (9) can be written as :
Length and time are nondimensionalized by wave length A and inverse of frequency f-1. We now choose a cylinder surface as an arbitrary boundary surface on which the histories of p, pn,Pt are provided. This is shown in Figure  10 . The source is located at the origin. The cylinder radius is 0.5 and length is unity, so the cylinder is not acoustically compact.
For a spatial resolution in the surface integral, Az and Ar are taken to be _.1 Circumferntial elements are set to be 100 on the side and two lid surfaces of the cylinder. For retarded time consideration, a complete set of pressure information over anentiretime periodis needed. Far-field points, which areobservation points,arelocated10°apartat a distancer = 50A as shown in Figure 10 . Only angles from 0°to 900 are considered due to symmetry. 
Far-Field
Sound Generated by Unsteady Jet Flow Figure  13 gives the schematics of the surface on which the pressure information is specified and the field positions where the noise is observed. A cylinder is chosen to accomodate a jet column. 
